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(54) Rotary electric machine for vehicle 



(57) A rotary electric machine for a hybrid vehicle 
includes a rotor connected between a vehicle engine 
(100) and atorque transmission mechanism (300) at the 
back of the vehicle engine (1 00) and a stator (210). The 
rotor includes an outer rotor portion (230) having an in- 
ner surface electro-magnetically connected to the outer 
surface of the stator (210), an inner rotor portion (220) 



having an outer surface electro-magnetically connected 
to the inner surface of the stator (210). The stator (210) 
includes a stator core (211) disposed between the inner 
rotor portion (220) and the outer rotor portion (230) and 
a multi-phase stator winding (212) wound on the stator 
(2 1 0) to be electro-magnetically connected with both the 
outer rotor portion (230) and inner rotor portion (220). 
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Description 



[0001] The present invention relates to a vehicle ro- 
tary electric machine for an electric vehicle, and, more 
particularly, a rotary electric machine that starts an en- 
gine, assists the engine to drive wheels and regenerates 
electric power from running energy of a vehicle. 
[0002] JP-A-1 1 -78558 proposes a vehicle rotary elec- 
tric machine (hereinafter referred to as the vehicle-rear 
rotary electric machine) including a rotor connected be- 
tween an engine and a gear transmission to be driven 
by a crank shaft. 

[0003] The conventional vehicle-rear rotary electric 
machine makes it possible to mount various belt-driven 
accessories in front of the engine along a belt, which 
prevents a pulley of a small diameter from slipping ther- 
eon. 

[0004] However, such a vehicle-rear rotary electric 
machine has a long power train between a crankshaft 
and a torque transmission mechanism. The power train 
includes a clutch disposed at the back of the crankshaft 
and a torque converter. Therefore, the power train with 
its housing needs a large mounting space, which may 
increase a body vibration. 

[0005] Therefore, it is an object of the present inven- 
tion to solve the above-described problems and to pro- 
vide a compact, light-weight, and high power vehicle- 
rear-type rotary electric machine. 

[0006] Such a vehicle-rear-type rotary electric ma- 
chine (hereinafter referred to as the rear-type machine 
or the machine) is connected coaxially with a crankshaft. 
The rear-type machine has a cylindrical stator, a rotor 
having, an inner rotor portion and an outer rotor portion 
respectively disposed at opposite peripheral sides of the 
stator, and a stator winding having a set of multi-phase 
windings for electro-magnetically Connecting with both 
the rotor portions. 

[0007] Further, the axial length of the machine can be 
decreased to about a half thereof. The axial length of 
the space between the back of the engine and the torque 
transmission mechanism is reduced to make the power 
train compact. This naturally restrains vibration of the 
power train. 

[0008] If the above inner and outer rotor portions over- 
lap each other in the radial direction, the radial length of 
the machine increases. However, this increases the fly- 
wheel effect of the machine, so that any additional rota- 
ry-inertia-member for the flywheel effect can be omitted. 
In other words, the rotor of the machine according to the 
invention has a part of or all of the flywheel effect. 
[0009] The inertia mass of the flywheel is proportional 
to a square of the mean value of the radius of the fly- 
wheel. Therefore, the flywheel effect per weight of the 
rotor of the machine that has two-radially-combined-ro- 
tor-type structure can be drastically improved as com- 
pared with the machine that has the single-rotor-type 
structure. 

[0010] Moreover, because the opposite peripheral 



surfaces of a single stator are used for magnetic con- 
nection, the core back can be used as a common yoke 
for the magnetic path of the two rotor portions. This can 
make the stator more compact and lighter. 

5 [0011] Because two rotating magnetic fields generat- 
ed by the two rotor portions interlink the stator winding, 
it is possible to shorten the coil ends of the stator winding 
as compared with a rotary electric machine having re- 
spective stators for respective rotor portions. 

w [0012] Moreover, because magnetic fluxes generated 
by different rotor portions, it is possible to provide a ma- 
chine that has a combined characteristic of two rotary 
electric machines. 

[0013] According to another feature of the invention, 
is the machine further includes a bowl member that .con- 
nects the torque transmission mechanism and a crank 
shaft. Therefore, it is not necessary to provide an addi- 
tional frame for supporting two rotor portions. 
[0014] According to another feature of the invention, 
20 a annular portion supports a larger cylindrical member 
that supports the outer rotor portion and connects a con- 
necting disk with the transmission mechanism. There- 
fore, the shape can be simplified, the size and weight 
can be reduced, and an excellent linkage with the torque 
25 transmission mechanism can be provided. 

[0015] According to another feature of the invention, 
the stator core has a core back at the radial center there- 
of . Therefore, the stator core can be made compact and 
light. 

30 [0016] According to a further feature of the invention, 
each set of the phase windings is wound on one of op- 
posite surfaces of the stator to form a U-shaped cross- 
section in the circumferential and axial directions. 
Therefore, the structure and manufacture of the stator 

35 can be simplified. In particular, each phase winding is 
manufactured in. the U-shape beforehand so that each 
can be readily inserted into the inner and outer slot. 
[0017] According to another feature of the invention, 
each of the phase windings is wound to form a square 

40 cross-section. Therefore, the structure and the rhanu- • 
facture of the stator can be made simple. 
[0018] Further, each of the phase windings is wound 
in a toroidal shape (square in cross-section), invalid 
length per one-turn coil can be made equal to the length 

45 a wire passing along opposite ends of the stator core. 
Therefore, the wire length of the winding can be drasti- 
cally reduced, the weight of -the copper wire can be re- 
duced, and the efficiency thereof can be increased. 
[0019] According to another feature of the invention, 

50 each of the phase windings is wave-wound at approxi- 
mately the same slot pitches as the magnetic pole pitch- 
es so that current flowing at the slot formed at the inner 
surface and current flowing the slots formed at the outer 
surface are opposite to each other. Therefore, the stator 

55 can be made simple in structure, and the winding can 
be carried out by a. winding machine. 
[0020] According to another feature of the invention, . 
each of the rotor portions has a rotor-structure having 
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permanent magnets. 

[0021] According to another feature of the invention, 
both the rotor portions have a squirrel-cage structure. 
Therefore, a highly strong and durable rotor can be man- 
ufactured at low cost. Moreover, it is possible to control 
the output voltage from the stator while the engine is 
operating. Even if the control can not be made, the out- 
put voltage does not become too high without providing 
control means (which needs high voltage insulation). 
[0022] According to a further feature of the invention, 
each of the rotor portions has a reluctance-type- rotor- 
structure. Therefore, the rotor can be manufactured at 
a low cost. 

[0023] According to a further feature of the invention, 
the inner rotor portion has a permanent-magnet-rotor- 
structure, and the outer rotor portion has a reluctance- 
type-rotor-structure. Therefore, the output power of the 
inner rotor portion, which has a small electromagnetic 
connection area and a small circumferential speed, can 
be increased, and the drawback of the low-power reluc- 
tance rotor can be compensated by a large diameter of 
the outer rotor. 

[0024] According to another feature of the invention, 
the circumferentially central portion of a magnetic salh 
ent pole of the reluctance-type- rotor-structure is dis- 
posed at a position an electric angle 45° - 90° in advance 
of the circumferentially central portion of a magnetic 
pole of the permanent-magnet-type-rotor-structure in 
the rotation direction. 

[0025] Therefore, the resultant torque and output 
power can be increased. 

[0026] According to another feature of the invention, 
the stator is" fixed to the housing by a supporting rod 
member that is force-fitted to the core back in the axial 
direction. Therefore, the supporting rod member 
achieves both to compress the stator core made of lam- 
inated iron sheets in the lamination direction and to fix 
the stator to the housing, without decreasing the area of 
both surfaces of the electromagnetic connection of the 
stator core. 

[0027] According to another feature of the invention, 
one end of both the rotor portions has a permanent- 
magnet type- rotor-structure, and the other end of both 
the rotor portions has a. field-coil-type rotor-structure. 
Therefore, the generation and motor characteristics of 
the machine can be controlled by the field current con- 
trol. 

[0028] According to another feature of the invention, 
one of the rotor portions is a permanent magnet rotor, 
and the other is an induction type rotor portion having 
magnetic poles. A field coil is wound on a stationary 
yoke to alternately magnetize the magnetic poles of the 
induction type rotor. Therefore, it is not necessary to 
mount the field coil in the rotor portion. This increases 
resistance to the centrifugal force and simplifies the field 
current circuit. 

[0029] According to another feature of the invention, 
the machine further includes a control unit for controlling 
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the current of the stator winding by inverting field cur- 
rent. Therefore, at a high speed rotation, even if one of 
the rotor portions generates a high voltage, the other 
rotor portion having the field coil type rotor structure gen- 

5 erates an inverse voltage so as to prevent unnecessary 
output voltage of the stator winding. 
[0030] According to further feature of the invention, 
the slots formed at the outer surface and at the inner 
surface are disposed at the same circumferential posi- 

10 tions at opposite sides of the core back. In addition, the 
magnetic poles of the inner rotor portion and the outer 
rotor portion that are disposed at the circumferentially 
the same position are polarized in the opposite direction. 
[0031] Therefore, most of the magnetic fluxes pass a 

*5 large magnetic path going to and coming from one of 
the rotor portions, so that the magnetic fluxes passing 
the core back can be reduced, thereby, to control the 
iron loss and magnetic saturation. 
[0032] According to another feature of the invention, 

20 the slots formed at the outer surface and the inner sur- 
face are disposed at opposite side of the core back and 
shifted from each other at half slot pitch in the circum- 
ferential direction. Therefore, average radial width of the 
core back increases to prevent the iron loss and mag- 

25 netic saturation as well as to make the stator core thin- 
ner and more compact. 

[0033] It is another object of the present invention to 
provide a low-noise and low vibration vehicle rotary 
electric machine. 

30 [0034] According to a further feature of the invention, 
a vehicle rotary electric machine includes a rotor for 
transmitting torque to a vehicle shaft and a stator having 
a peripheral surface opposite circumference of the rotor 
and fixed to a housing. The rotor includes an outer rotor 

35 portion having an inner surface electro-magnetically 
connected to the outer surface of the stator, an inner 
rotor portjon fixed to the outer rotor portion and having 
an outer surface electro-magnetically connected to the 
inner surface of the stator. The stator includes a stator 

40 core disposed between the inner rotor portion and the 
outer rotor portion and a stator winding having. a set of 
multi-phase windings wound on the stator core for elec- 
tro-magnetically connecting with both the rotor portions. 
The stator core has a plurality of outer slots-and-teeth 

45 formed in the outer peripheral surface thereof at certain 
pitches and a plurality of inner slots-and-teeth formed in 
the inner peripheral surface thereof at certain pitches. 
Each of the inner peripheral surface on the outer rotor 
. portion and the outer peripheral surface of the inner rotor 

50 portion has a salient pole portion having a small mag- 
netic reluctance. When the circumferential center of the 
salient pole portion of the outer rotor portion and the cir- 
cumferential center of the outer slot opening of the stator 
core are disposed at the same angular position, the cir- 

55 cumferential center of the salient pole portion of the in- 
ner rotor portion and the circumferential center of the 
inner slot opening of the stator core are shitted from 
each other at an interval that is equal to or less than 1/4 
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of a slot-pitch. 

[0035] Regarding the magnetic pole portion of the out- 
er rotor portion and the outer slots of the stator, the cir- 
cumferential component of the magnetic force generat- 
ed between the above two causes a reluctance torque. 
This radial component of the magnetic force gives the 
teeth a tensile force acting toward the magnetic pole 
portion. The radial component of the magnetic force, be- 
cause of the slot openings of the outer slots of the stator, 
changes at a cycle equal to the time of one pole-pitch 
rotation. This causes vibration and noises. In the same 
manner, a cyclic change of the radial component of the 
magnetic force between the inner rotor portion and inner 
slots causes vibration and noises. 
[0036] It has been noted that the radial components 
of two electro-magnetic forces acting on the outer pe- 
riphery inside the stator are opposite to each other. The 
phase angle between two is controlled to balance the 
radial components of the two magnetic forces to reduce 
the above-stated vibration and noises. 
[0037] When the radial component of a maximum 
electro-magnetic force is given to the outer teeth of the 
stator from the magnetic pole portion of the outer rotor 
portion, the radial component of a maximum electro- 
magnetic force is given to the inner teeth of the stator 
from the magnetic pole portion of the inner rotor portion. 
At this time, the stator is pulled radially outward at a max- 
imum force by the magnetic pole portion of the outer ro- 
tor portion. At the same time, it is also pulled radially 
inward by the magnetic pole portion of the inner rotor 
portion, so that the radial shift of the stator can be bal- 
anced. 

[0038] When the circumferential center of the mag- 
netic salient pole of the outer rotor portion and the cir- 
cumferential center of the outer slot opening of the stator 
core are positioned at the same angular position, the 
circumferential center of the magnetic salient pole of the 
inner rotor portion and the circumferential center of the 
inner slot opening of the stator core are positioned at 
the same angular position. 

[0039] It is clear that the combined force of the ripple 
of the radial component of the two electro-magnetic forc- 
es that act on the inner and outer peripheries of the sta- 
tor decreases even if the phase of the above two is dif- 
ferent from each other. If the cycle corresponds to one- 
slot pitch is 27i, it is clear that the phase difference be- 
tween two is a value between -2%(-1/4 slot-pitch) and 
+2n(+1/4 slot-pitch). 

[0040] According to another feature of the invention, 
the circumferential center of the magnetic salient pole 
of the outer rotor portion and the circumferential center 
of the magnetic salient pole of the inner rotor portion are 
positioned at the same angular position within a normal 
production tolerance. The circumferential center of the 
outer slot opening of the stator core and the circumfer- 
ential center of the inner slot opening of the stator core 
are positioned at the same angular position within a nor- 
mal production tolerance. The outer slots and the inner 



slots that are positioned at the same angular position 
respectively accommodate conductors of the same 
phase but of opposite direction. 

[0041] Thus, the angular position of both rotor por- 
5 tions of the magnetic salient poles is the same. As a re- 
sult, the angular position of the teeth of the inner and 
outer peripheries of the stator is the same. Therefore, 
the radial component of the above electro-magnetic 
force acting on the outer teeth and the radial component 
io of the above electro-magnetic force inversely acting on 
the inner teeth appears at the same angular position in 
the direction opposite to each other and in the same 
magnitude. 

[0042] According to another feature of the invention 
'5 the outer slots and the inner slots that are positioned at 
the same angular position accommodate a concentra- 
tion-wound stator winding. 

[0043] Therefore, it is easy to wind the coils, and the 
coil ends become smaller so that a small and high pow- 

20 ered rotary electric machine can be provided. 

[0044] According to another feature of the invention, 
concentrate-wound coils are wound around respective 
pairs of outer and inner slots of cylindrical stator core 
disposed at the same angular position, and a pair of ro- 

25 tor portions is disposed to respectively face both the pe- 
ripheral surfaces. 

[0045] Therefore, concentrate coils can be easily 
mounted in each pair of inner and outer slots disposed 
at the same angular position without dividing the stator 

30 core into pieces, so that the length of coil ends thereof 
extending in the radial direction can be reduced to the 
minimum. In addition, a pair of axially extending portion 
of each concentrate-wound coil electro-magnetically 
connects both the outer and the inner rotor portions to 

35 generate torque. As. a result, axial length of the stator 
can be drastically reduced by reduction in the axial 
length of the coil end and by utilizing both peripheral sur- 
faces of the stator core. 

[0046] It is another object of the invention is to provide 
40 a radial-air-gap-type vehicle rotary electric machine 
having one-end-support structure that is excellent in 
cooling the rotor, stator and the rotor frame. 
[0047] According to another feature of the invention, 
a stator core is fixed to the housing at the side opposite 
45 a rotor frame, and a rotor frame has a gap between the 
stator and the rotor frame and an air inlet for conducting 
air from outside to the gap. In other words, the rotor 
frame has an air inlet for conducting air from outside to 
a radially extending gap between the stator and the rotor 
50 frame. 

[0048] It is a further object of the invention is to pro- 
vide a one-end-supported radial-air-gap-type rotary 
electric machine that is easy to fix and position. 
[0049] In the rotary electric machine according to an- 
55 other feature of the invention, a stator core is supported 
to a housing at its one end by a plurality of support pins 
that are respectively force-fitted to axial holes formed in 
the stator core and inserted and fixed to a plurality of 
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through holes formed at radial wall of the housing. In 
other words, a plurality of support pins are force-fitted 
into the core-back of stator core in the axial direction, 
and one end of each the support pin is inserted to a 
through hole of a radial wall of the housing to support 
the stator core by the housing at one end thereof. 
[0050] Thus, fixjng and positioning works of the stator 
core can be made much easier than those by through 
bolts inserted into through holes of the stator core., 
Therefore, accurate centering of the stator core can be 
carried out only by the support pins being inserted into 
' the through hole of the radial wall. 
[0051 ] Preferably, provisional holes, which are slightly 
smaller than the through holes of the stator core, are 
formed when core sheets are punched out. The provi- 
sional through holes are formed into the through holes 
when the core sheets are laminated. 
[0052] Other objects, features and characteristics of 
the present invention as well as the functions of related 
parts of the present invention will become clear from a 
study of the following detailed description, the appended 
claims and the drawings. In the drawings: 

Fig. 1 is a. block diagram of a vehicle drive unit that 

includes a vehicle rotary electric machine according 

to a first embodiment of the invention; 

Fig. 2 is a radially cut cross-sectional schematic 

view of the machine shown in Fig. 1 ; 

Fig. 3 is a half plan view of the portion shown in Fig. 

I cut along line 3-3; 

Fig. 4 is a diagram illustrating a portion (U-phase) 
of the stator winding shown in Fig. 1; 
Fig. 5 is a winding diagram illustrating the stator 
winding shown in Fig. 1 ; 

Fig. 6 is a perspective view of a portion of the stator 
winding shown in Fig. 1 ; 

Fig. 7 is a schematic diagram illustrating a portion 
of the stator winding shown in Fig. 1 ; 
Fig. 8 is a schematic diagram illustrating a portion 
of the stator winding shown in Fig. 1 ; 
Fig. 9 is a schematic diagram illustrating a way of 
forming the stator winding shown in Fig. 1 ; 
Fig. 1 0 is a plan view illustrating a portion of the sta- 
tor winding shown in Fig. 1 

Fig. 11 is a radially cut schematic cross-sectional 
view of a vehicle rotary electric machine according 
to a second embodiment of the invention; 
Fig. 12 is a half cross-sectional plan view of a por- 
tion shown in Fig. 11 cut along line 12-12; 
Fig. 1 3 is a schematic winding diagram of the stator 
winding relative to magnetic poles shown in Figs. 

II and 12; 

Fig. 14 is a half-cross-sectional schematic diagram 
of a vehicle rotary electric machine according to a 
third embodiment of the invention; 
Fig. 15 is a half^cross-sectional schematic diagram 
of a vehicle rotary electric machine according to a 
fourth embodiment of the invention; 



Fig. 1 6 is a half-cross-sectional schematic diagram 
of a vehicle rotary electric machine according to a 
fifth embodiment of the invention; 
Fig. 1 7 is a diagram showing a relationship between 
5 phase angles and the torque generated by the ma- 

chine shown in Fig. 15; 

Fig. 1 8 is a diagram showing a relationship between 
phase angles and the torque of the machine shown 
in Fig. 16; 

10 Fig. 1 9 is a radially cut half-cross-sectional diagram 
of a vehicle rotary electric machine according to a 
sixth embodiment of the invention; 
Fig. 20 is a winding diagram of the stator winding 
shown in Fig. 19; 

*5 Fig. 21 is a half-cross-sectional schematic diagram 
of a driving unit in which a vehicle rotary electric ma- 
chine according to a seventh embodiment of the in- 
vention is mounted; 

Fig. 22 is a half cross-sectional plan view of a por- 
20 tion shown in Fig. 21 cut along line 22-22; 

Fig. 23 is a fragmentary schematic side view of a 
circumferential portion of the inner rotor portion 
shown in Fig. 21 ; 

Fig. 24 is a diagram illustrating a portion (U-phase) 
25 of the stator winding shown in Fig. 21 ; 

Fig. 25 is a circuit diagram of the machine shown in 
Fig. 21; 

Fig. 26 is a fragmentary schematic view illustrating 
a circumferential portion of a stator core according 

30 to a variation of the embodiments; 

Fig. 27 is a fragmentary schematic view illustrating 
a circumferential portion of a stator core according 
to a variation of the above embodiments; 
Fig. 28 is a partially exploded view of a stator of a 

35 vehicle rotary electric machine according to an 
eighth embodiment of the invention; 
Fig. 29 is a schematic wiring diagram of a U.-phase 
stator winding of the machine shown in Fig. 28; 
Fig. 30 is a longitudinal cross-sectional view illus- 

40 trating a portion of the machine shown in Fig: 28; 

Fig. 31 is a front view of a U-phase output terminal 
portion shown in Fig. 30; . 

Fig. 32 is a front view of a neutral point terminal 
shown in Fig. 30; 
45 Fig. 33 is a partially radial cross-sectional view of 

the stator of the machine shown in Fig. 28; 
Fig. 34 is a graph showing wave shapes of radial 
components of the electro-magnetic forces acting 
on thestator; 

50 Fig. 35 is a partially exploded view of a vehicle ro- 

' tary electric machine according to a ninth embodi- 
ment of the invention; 

Fig. 36 is a longitudinal cross-sectional fragmentary 
view of a vehicle rotary electric machine according 
55 to a tenth embodiment of the invention; 

Fig. 37 is a fragmentary exploded view of the rotary 

electric machine shown in Fig. 36; 

Fig. 38 is a fragmentary enlarged cross-sectional 
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view in the axial direction around a stator of the ve- 
hicle rotary electric machine according to an elev- 
enth embodiment of the invention; 
Fig. 39 is an enlarged cross-sectional view of the 
stator core shown in Fig. 38; 
Fig. 40 is a fragmentary enlarged cross-sectional 
view around the rotor frame of the vehicle rotary 
electric machine according to the eleventh embod- 
iment; 

Fig. 41 is a fragmentary enlarged cross-sectional 
view in the axial direction of the vehicle rotary elec- 
tric machine according to a twelfth embodiment of 
the invention; 

Fig. 42 is a plan view illustrating a variation of a sup- 
porting member of the vehicle rotary electric ma- 
chine; and 

Fig. 43 is a longitudinal cross-sectional fragmentary 
view of the vehicle rotary electric machine accord- 
ing to a thirteenth embodiment of the invention. 

[0053] A vehicle rotary electric machine according to 
a first embodiment of the invention is described with ref- 
erence to Figs. 1-3. 

[0054] A vehicle drive unit includes engine 1 00 having 
crankshaft 101, an engine controller 110, and rotary 
electric machine 200. 

[0055] Machine 200 has stator 21 0, which has stator 
core 211 . Stator 210 has a three-phase stator winding 
212 thereon. Stator core 211 has core back 215 fixed to 
housing 102 by stator supporting frame 217 and bolt 
216, which is force-fitted to core back 215. Inner and 
outer surfaces of stator core 211 respectively have outer 
and inner slots 213, 213' and outer and inner teeth 214, 
21 4\ Inner rotor portion 220 and outer rotor portion 230 
are respectively opposed, via an air gap, to the inner 
and outer peripheries of stator core 211. Both rotor por- 
tions 220 and 230 are fixed to bowl-shaped member 
240, which is fixed to crankshaft 101, thereby forming 
rotor 250. 

[0056] Bowl member 240 has annular portion 243, 
and clutch 260 is fixed to the rear-end of annular portion 
243. Clutch 260 is connected to wheels 600 via trans- 
mission mechanism 300, propeller shaft 400, and differ- 
ential gear unit 500. 

[0057] Converter 700 converts AC powerto DC power 
or DC power to AC power between stator winding 212 
and battery 900. Controller 800 controls converter 700. 
[0058] Inner rotor portion 220 includes magnetic core 
221 and permanent magnets 222. Magnetic core 221 is 
composed of laminated sheets fitted and fixed to small 
cylinder portion 241 of bowl member 240 to oppose the 
inner periphery of stator core 21 1 via an air gap. Perma- 
nent magnets 222 are inserted into axially extending 
magnet holes 233 formed at magnetic core 221. Inner 
rotor portion 220 has an IPM (Interior Permanent Mag- 
net) structure. 

[0059] Magnet pole member 230 includes magnetic 
core 231 and permanent magnets 232. Magnetic core 



231 is composed of laminated sheets fitted and fixed to 
large cylinder portion 242 of bowl member 240 to op- 
pose the outer periphery of stator core 211 via an air 
gap, and permanent magnets 232 are inserted into ax- 
5 ially extending magnet holes 233 formed at magnetic 
core 221 . Outer rotor portion 230 has an IPM (Interior 
Permanent Magnet) structure. 

[0060] Bowl member 240 includes annular portion* 
243 connected to both cylindrical portions 241 and 242. 
10 A portion of clutch 260 is fixed to the rear end of annular 
portion 243. 

[0061] Permanent magnets 222 and 232 are, as 
shown in Fig. 3, disposed at the same circumferential 
position at opposite sides of stator 2. Each pair of. of per- 
15 manent magnets 222 and 232 at the same circumferen- 
tial position has the same magnetic polarity at the sur- 
face opposed to each other. 

[0062] The structure of stator 210 is described in more ' 
detail with reference to Fig. 4. A winding head of the U- 
20 phase winding is vertically inserted to inner slot 213' 
from this side of the drawing to the other side of the 
drawing and moved upward in Fig. 4, In otherwords, the 
winding head is moved radially outward along the other 
side of the drawing, which is the surface of core back 
25 2 1 5 of the opposite side of stator core 2 11 to be inserted 
to outer slot 21 3. The winding head is moved in the lam- 
ination direction of stator core 211 toward this side, and 
is inserted into second outer slot 213 that is three slot- 
pitches spaced apart from the first outer slot 213. Then, 
30 the winding head is moved along the other side of the 
drawing or the opposite side of the stator along the core 
back downward or radially inward to be inserted into an- 
other inner slot 213' to come to this side. Thereafter, the 
winding head is moved back in the circumferential di- 
35 rection by three slot-pitches to be inserted the first inner 
slot 21 3' in the vertical direction. This motion is repeated 
several times to form one phase winding for each mag- . 
netic pole. Subsequently, the next winding head is 
moved to the sixth inner slot 213" from the first inner slot 
*o 213' that has the same polarity as the first inner slot21 3'. 
Thus, respective phase windings are formed after re- 
peating a number of times corresponding to the same 
number of pairs of poles. 

[0063] In other words, a phase winding for each pole 
45 forms a U-shape in cross-section at the same radial po- 
sition in outer slots 213 and inner slots 213' and another 
U-shape in the cross-section cut in the circumferential 
direction, so that the phase winding can form a saddle- 
shape as a whole, as shown in Fig. 6. 
50 [0064] In the same manner as above, V-phase wind- 
ing and W-phase winding can be wound on stator core 
211, thereby forming three-phase stator winding 212. 
[0065] Instead of the above, coils can be wound sep- 
arately on a coil former and bent along lines X-X and Y- 
55 Y, as shown in Fig. 5, to provide the shape shown in Fig. 
6, which is fixed to stator core 21 1 . 
[0066] In Fig. 4, 222, 222' represent magnetic poles 
supported by inner rotor portion 220. N, N' represent 
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magnetic North poles, and S, S' represent magnetic 
South poles. One-dot-chain lines having arrows repre- 
sent magnetic fluxes of permanent magnets that flow 
through stator core 211 to interlink winding 212. When 
rotor 250 rotates, stator winding 212 induces current to 
be charged to battery 900 via converter 700. 
[0067] The current is supplied to a stator 21 0 by con- 
troller 800 to drive rotor 250, thereby starting engine 1 00 
or assisting wheel-driving torque. When a vehicle is 
slowed down, the frequency and the phase of the rotat- 
ing magnetic field is controlled relative to the rotation 
speed of engine 100 or rotor 250 to regenerate the ki- 
netic energy of the vehicle into electric energy of the sta- 
tor 210. Rotation sensor 270 is disposed to detect a po- 
sition and a speed of rotor 250. 

[0068] Variations of the above described rotary elec- 
tric machine is described hereafter. 
[0069] A variation shown in Fig. 7 is another type of 
stator winding 21 2 of stator 21 0. Fig. 7 shows one phase 
(U-phase) winding of three-phase stator winding 21 2 to 
be wound on stator core 211 . 

[0070] In Fig. 7, a winding head of the U-phase wind- 
ing is vertically (in the lamination direction of stator core 
21 1 ) inserted to inner slot' 213 from this side to the other 
side of the drawing. It is moved upward along the sur- 
face of core back 21 5 of the opposite side of stator core 
21 1 to be inserted to outer slot 21 3. Then, the winding 
head is moved vertically toward this side. After this mo- 
tion is repeated several times, it is moved from the first 
outer slot 213 and inserted into another outer slot 213 
three slot-pitches spaced apart from the first outer slot 
213. Then, the winding head is moved in the lamination 
direction of annular portion 243 to the other side of the 
drawing along the core back downward to be inserted 
into another inner slot 213* to come to this side. After 
repeating this motion several times, the head is moved 
back in the circumferential direction by three slot-pitches 
to be inserted the first inner slot 213' in the vertical di- 
rection. This motion is repeated several times to form 
one phase (U-phase) winding for one pole. 
[0071] In the same manner as above, V-phase wind- 
ing and W-phase winding can be wound on stator core 
211, thereby forming three-phase stator winding 212. 
This way of winding forms the cross-section of the wind- 
ing that passes the same circumferential position of out- 
er slot 21 3 and inner slot 21 3* into a square-shape. This 
way of winding shortens the length of one-turn. coil to be 
wound on stator core 211 . Therefore, the wire length.of 
coil-ends can be shortened. 

[0072] The position of the magnetic poles shown in 
Fig. 7 provides the same flow of the magnetic fluxes in 
stator core 211 as that shown in Fig. 4. Therefore, the 
operation is the same as the embodiment shown in Fig. 
4. 

[0073] Another variation is described with reference 
to Fig. 8. In Fig. 8„ the winding head of the U-phase wind- 
ing is inserted vertically (in the lamination direction- of 
stator core 211 to outer slot 213 from this side to the 



other side of the drawing. It is, thereafter, moved in the 
circumferential direction from the first outer slot 21 3 and 
inserted into the second outer slot 213 that is three slot- 
pitches spaced apart from the first outer slot 213 and 

5 come to this side. It is, again, moved to the third outer 
slot 21 3 that is three slot-pitches spaced apart from the 
second outer slot 21 3 and go to the other side. This proc- 
ess is repeated as many times as (the number of poles) 
x (the number of turns) to form the outer phase winding. 

10 Thereafter, the same winding process is carried out for 
the inner slots 212' of stator core 211 to form the inner 
phase winding. The winding head of the above inner 
phase winding is first inserted from the first inner slot 
21 3' opposite the first outer slot 21 3 of the above outer 

*5 phase windings. Thus, the outer U-phase wave-winding 
and the inner U-phase wave-winding are formed. Next, 
the above outer phase-winding and inner phase-wind- 
ing are connected so that the direction of current of one 
of the phase windings in respective slots disposed at the 

20 same circumferential position is opposite to the direction 
of current of the other. This completes the U-phase 
winding. V and W-phase windings are formed in the 
same manner as above. 

[0074] Instead of the above one-turn wave winding, a 
25 large coil of a number of turns can be formed before- 
hand, as shown in Fig. 10. The large coil is reshaped 
into a starfish-shape having feet extending at the same 
interval as the pole pitch, as shown in Fig. 9, and is 
mounted in stator core 211. A pair of windings of the 
30 same phase is respectively inserted in the inner slots 
and outer slots, which are disposed back to back in the 
radial direction. Because the direction of the current re- 
spectively flowing in the pair of windings is opposite to 
each other, the windings can operate in the same man- 
35 ner as the winding shown in Fig. 4 and 7. 

[0075] Stator winding 21 2 can be changed from the 
above full-pitch winding to a short-pitch winding. The 
number of slots per-pole-per-phase can be changed to 
two or more: 

40 [0076] InneY and outer rotor portions 220 and 230 can 
have a SPM (Surface Permanent Magnet) structure. 
[0077] A vehicle rotary electric machine according to 
a second embodiment of the invention is described with 
• reference to Figs. 11 and 12. 

45 [0078] A plurality of outer and inner slots 213, 213' is 
formed in the circumferential direction at predetermined 
electric angular pitches, and teeth 214' and 214 are re- 
spectively disposed at the same circumferential posi- 
tions of core back 215. Concentrated phase windings 

50 212, 212' are mounted on teeth 214, 214', which are 
spaced apart 120° in electric angle from each other to 
form stator winding 21 2 of a three-phase winding. Per- 
manent magnets 222, 232 are disposed at predeter- 
mined equal pitches in the circumferential direction at 

55 the inner and outer surfaces of stator core'211 to form 
outer and inner rotor portions. Permanent magnets 222, 
232 are polarized alternately in the circumferential di- 
rection so that the polarity of the surfaces of those dis- 
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posed at the same angular position can be the same. 
Permanent magnets 222, 232 are fixed to cylindrical 
portions 241 1 , 242 of bowl-shaped yoke 240. Cylindrical 
portion 2411 is fixed to an annular portion of bowl mem- 
ber 240, and cylindrical portion 242 corresponds to the 
large cylinder portion of the first embodiment. 
[0079] Relation between stator winding 212 and the 
magnetic poles is described with. reference to Fig. 13. 
[0080] A plurality of pairs of magnetic poles 222 and 
232 is disposed opposite teeth 21 4, 21 4 1 so that the op- 
posing surfaces of each pair of magnetic poles 222, 232, 
disposed at the same angular position in the circumfer- 
ential direction, can have the same magnetic polarity. 
The magnetic polarity alternates between the north and 
the south in the circumferential direction. A half of the 
U-phase winding is wound on as many teeth 214* as a 
half of the number of the magnetic poles in the same 
direction. As shown in Fig. 13, the U-phase winding is 
wound on teeth 214 in the direction opposite that wound 
on teeth 214'. The winding ends of the concentrated 
windings wound on teeth 214, 214* are connected to 
each other to form the U-phase windtng. Thus, the in- 
duced voltage of the concentrated windings wound on 
teeth 214,' 21 4 1 are added to each other. In the same 
manner, V-phase winding and W-phase winding are 
wound on respective teeth 120°-electric-angle spaced 
apart from these teeth in the opposite circumferential di- 
rections. Thus, stator winding 212 is completed. 
[0081] When an engine rotates rotor 250 via crank- 
shaft 101, voltages induced in the radially inner windings 
and radially outer windings are added. 
[0082] Since the phase windings are formed of con- 
centrated windings, the coil ends can be made small, 
and the axial size of a machine can be reduced. 
[0083] A vehicle rotary electric machine according to 
embodiment 3 is described with reference to Fig. 14, 
[0084] Inner rotor portion 220 and outer rotor portion 
230 of the rotor have a synchronous reluctance struc- 
ture. Rotor portions 230 and 220 respectively have mag- 
netic cores 231 , 221 , in which arc-shape slits 233, 223 
and a plurality of arc-shaped magnetic paths 234, 224 
are formed in a coaxial arrangement. In other words, 
magnetic salient portions are formed at predetermined 
pitches in the circumferential direction on the peripheral 
surfaces (electromagnetic connection surface) of mag- 
netic cores 231 and 221 opposite stator 21 0. Thus, rotor 
250 is driven in synchronism with the rotating magnetic 
field provided by the stator, and stator winding 212 gen- 
erates electric power. 

[0085] Inner rotor portion 220 and outer rotor portion 
230 are formed of only electromagnetic sheets. There- 
fore, this rotor is resistant to the centrifugal force. In this 
rotor, two rotor portions 220 and 230 are disposed in the 
radial direction and the stator is formed in a unit, so that 
output-power-density can be improved. 
[0086] A vehicle rotary electric machine according to 
embodiment 4 is described with reference to Fig. 15. 
[0087] The inner rotor portion has the same perma- 



nent magnets as those shown in Fig. 1 4. Therefore, out- 
put power density between the inner peripheral surface 
of the stator core and the inner rotor portion can be in- 
creased. 

s [0088] A vehicle-rotary electric machine according to 
embodiment 5 is described with reference to Fig. 16. 
[0089] The center of permanent magnets 222, which 
is the magnetic salient pole of inner rotor portion 220, is' 
set to 45°- 90°in electric angle retard from the circum- 

10 ferential center of the magnetic salient pole of outer rotor 
portion 230. If the phase-angle is controlled by a single 
stator winding, the amounts of torque generated by two 
rotor portions 220, 230 are added to each other, thereby 
increasing the output torque. Fig. 17 shows relationship 

is between the torque and the phase angle of the rotary 
electric machine shown in Fig. 15. Fig. 18 is the rela- 
tionship between the torque and the phase-angle of the 
rotary electric machine shown in Fig. 16. 
[0090] A vehicle rotary electric machine according to 

20 sixth embodiment is described with reference to Figs. 
19 and 20. 

[0091] Common stator winding 212 is mounted on the 
inner and outer peripheral portions of stator 210, and 
squirrel-cage type inner rotor portion 220 of the induc- 
es tion machine and outer rotor portion 230 are respective- 
ly opposed to the inner peripheral surface and the outer 
peripheral surface of stator 210. Both inner and outer 
rotor portions 220 and 230 with the same number of con- 
ductor members are formed to be similar to each other 

30 to provide electromagnetic induction by the single stator 
winding. 

[0092] A winding diagram of stator winding 212 is 
shown in Fig. 20. Stator winding 212 is a three-phase 
78%-short-wound distribution winding for a four poled 

35 rotor and 36-slot-stator. Although only a U-phase wind- 
ing is shown here, V-phase and W-phase windings are 
respectively mounted in the slots having 2n/3 phase-dif- 
ference from the U-phase winding. Stator winding 212 
is formed into a U-shape, as shown in Rg. 6, to be in- 

40 serted into the slots formed on the inner and outer pe- 
ripheries of the stator core. 

[0093] Thus, single stator winding 212 drives inner 
and outer rotor portions 220 and 230 to drive the engine 
or assist the operation thereof. This structure shortens 
45 the axial length of the machine. 

[0094] A vehicle rotary electric machine according to 
a seventh embodiment is described with reference to 
Figs. 21 - 23. 

[0095] As shown in Fig. 21 , machine200 is mounted 
so between engine 100 and a transmission unit (not 
shown). As shown in Fig. 23, a circumferential portion 
of the magnetic poles that are opposed, via an air gap, 
to the electromagnetic connection surface formed at the 
inner periphery of stator 21 0. 
55 [0096] Rotary electric machine 200 includes stator 
210, rotor 250, and field coil 270. Rotor 250 is connect- 
ed, at the back thereof, to the transmission unit to trans- 
mit the torque thereof. 
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[0097] The stator includes cylindrically laminated 
magnetic stator core 211 and stator winding 2 1 2 mount- 
ed on the inner and outer peripheries thereof, which 
form inner and outer electromagnetic connection surfac- 
es. 

[0098] Slots 2111 and teeth 2112 are respectively 
formed at the outside of core back 21 3, and slots 2111* 
and teeth 2112' are respectively formed at the inside of 
core back 213. The number and the circumferential po- 
sition of inner slots 2111' and outer slots 2111 are the 
same. 

[0099] Bolts 214 penetrate core back 213 of stator 
core 211 in the axial direction to fix stator core 21 1 in a 
unit and fix the stator, via stationary member 215, to en- 
gine housing 102. 

[0100] Induction type inner rotor portion 220 is op- 
posed to the above-described inner electromagnetic 
connection surface. This inner rotor portion 220 includes 
induction member 221 , field coil 270, and magnetic pas- 
sage member 271 , thereby forming a Lundell-type pole 
structure. As shown in Fig. 23, induction member 221 
includes N-pole portion 222 and S-pole portion 223, 
both of which are made of soft iron, and non-magnetic 
ring-shaped connection member 2213. 
[0101] N-pole portion 222 includes ring-shaped sup- 
port portion 2214 and a plurality of claw pole portions 
2212 that extend frontward from the outer periphery of 
ring-shaped support portion 2214 at certain circumfer- 
ential intervals. S-pole portion 223 includes cylindrical 
portion 2230, a plurality of claw pole portions 2211 that 
extend rearward from the back of cylindrical portion 
2230, at certain circumferential intervals. Claw pole por- 
tions 2211, 2212 interleave with each other from posi- 
tions spaced apart at a certain distance. 
[0102] Claw pole portions 2211, 2212 have ring- 
shaped groove or cavity at the axially centra.l portion fac- 
ing the inner surface thereof to accommodate connec- 
tion member 2213, which is soldered or welded to the 
groove. Ring-shaped support member 221 4 is fixed to 
magnetic core of bowl member 240. 
[0103] Field coil 270 is housed. in a groove formed at 
outer periphery of cylindrical magnetic passage mem- 
ber 271 that is opposed, via an air gap, to the inner sur- 
face of induction member 221 . Magnetic passage mem- 
ber 271, which is a yoke, has a front surface fixed to 
stationary member 21 5. 

[0104] Permanent-magnet-type outer rotor portion 

230 is opposed to the outer magnetic connection sur- 
face via an air gap. Outer rotor portion 230 is comprised 
of cylindrical magnetic core 231 and a plurality of per- 
manent magnets inserted into axially extending holes 
thereof to provide alternating magnetic poles in the cir- 
cumferential direction at certain intervals, in an IPM (in- 
terior permanent magnet) arrangement. Magnetic core 

231 is fitted to outer cylindrical portion 242 of bowl mem- 
ber 240 and fixed thereto. Magnetic core 231 is fixed to 
crankshaft 1 01 at inner cylindrical portion 241 . 
[0105] Bowl member 240 has inner cylindrical portion 



241 , which is connected to the back end of crankshaft 
101 and extends backward, and annular portion 243 ex- 
tending radially outward from the back of innercylindri- 
cal portion 241 to be connected to the back end of outer 
5 cylindrical portion 242. A portion of clutch 200 is fixed 
to the back end of annular portion 243 of bowl member 
240, and ring-shaped support member 2214 is fixed to 
the front end thereof. 

[0106] As shown in Fig. 24, the winding head of the 
10 U-phase winding is inserted vertically, or in the lamina- 
tion direction of stator core 211, to slot 211V from this 
side to the other side of the drawing. The winding head 
is, thereafter, moved along the back of core back 2113 
in the circumferential direction from the inside slot and 
15 radially upward to be inserted into the outside slot 2111 
and come through slot 2111 to this side. The winding 
head is moved through slot 211V and the same winding 
step is repeated predetermined times. Thereafter, the 
winding head that comes out of slot 2111 is moved to 
another slot 21 11 that is three slot-pitches spaced apart 
from the former slot 2111 , and through the lamination 
direction to the other side. Thereafter, down along core 
back 21 1 3, the winding head is moved to slot 211V. This 
winding process is repeated a predetermined number 
of times, and then moved to slot 211V that is three-slot 
pitch spaced apart therefrom to repeat the same winding 
process to form one-phase winding. Thus, the outer U- 
phase (wave) winding and the inner U-phase wave- 
winding are formed. 

[0107] Subsequently, inner and outer rotor portions 

220 and 230 are respectively opposed to a pair of inner 
and outer electromagnetic connection surfaces of stator 
210. Permanent magnets 232 and induction member 

221 are disposed in the circumferential direction on the 
opposite sides of the stator so that poles of the same 
polarity are opposed to each other via the stator, as 
shown in Fig. 24. N, N' represent the magnetic N-pole, 
and S, S' represent the magnetic S-pole in Fig. 24. The 
magnetic flux generated by the field current of field coil 
270 polarizes magnetic pole 2211 of induction.member 
221 into S' and magnetic pole 2212 thereof into N\ In 
Fig. 24, a one-dot-chain line represents a portion of the 
magnetic flux. 

[0108] Both the magnetic flux of outer rotor portion 
230 with the outer permanent magnets and the magnet- 
ic flux of inner rotor portion 220 with the inner induction 
member interlink stator coils 212. 
[01 09] The operation of this embodiment is described 
with reference to Fig. 25. 

[0110] Circuit 2000 of the rotary electric machine in- 
cludes inner rotor portion 220 having permanent mag- 
nets, outer rotor portion 230 having induction members, 
and field coil 270. A well-known two-way semiconduc- 
tor-converter 700a is connected to circuit 2000 to con- 
vert AC voltage induced in stator winding 21 2 to DC volt- 
age to be charged to battery 901 or DC voltage of battery 
901 into AC power to be supplied to stator winding 212. 
[0111] A well-known semiconductor H-type bridge cir- 
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cuit 700b is also connected between field coil 270 and 
battery 902. Field current is PWM-controlled by switch- 
ing elements of bridge circuit 700b and supplied to field 
coil 270. Semiconductor H-type bridge 700b can re- 
verse the flow direction of the current to reverse the po- 
larity of the induction member, whenever necessary. 
[0112] This rotary electric machine uses both outer 
and inner rotor portions 230 and 220 for excitation when 
a large output power is necessary. It is not possible to 
change the magnetic field of outer rotor portion 230. 
However, it is possible to control the output power or 
motor torque by changing the amount of the field current 
supplied to field coil 270 and the direction thereof so as 
to change the magnetic field and the polarity of inner 
rotor portion 220. Thus, the output power or the motor 
torque is controlled. 

[0113] If the output current is small although engine 
speed is high, reversed current is supplied to field coil 
270 to reduce total output voltage of whole stator wind- 
ing 212, so that output current can be controlled at a 
desired level. In other words, the magnetic field of inner 
rotor portion 220 can be controlled by control of the cur- 
rent supplied to field coil 270, so that the output power 
of the rotary electric machine can be controlled. Be- 
cause the induction member is mounted not on the outer 
rotor portion 230, which is subjected to a comparatively 
large centrifugal force, but on inner rotor portion 220, 
which is subjected to comparatively small centrifugal 
force. Therefore, it is easy to install field coil 270 and its 
core 271 to the rotary electric machine. 
[01 1 4] Controller 800, which corresponds to the con- 
trol circuit of the invention, controls field current. Con- 
troller 800 may control the field current according to a 
difference between the output voltage of stator winding 
212 and a reference voltage. The output current of stator 
winding 212 can be controlled if current-phase-angle of 
stator winding 21 2 is changed. This can be added to the 
above output voltage control. For example, a vibration 
control, in which a control torque that is reverse in direc- 
tion to the engine torque is provided, is carried out by 
control of the output current, and the output voltage con- 
trol is carried out by control of the field current. 
[0115] The output voltage of the machine, which is 
carried by control of the field current, is well known. 
Therefore, a detail description is omitted here. 
[01 1 6] I nstead of the inside slots and outside slots that 
are formed at the same angular position in the preceding 
embodiments, the inside and outsides slots can be shift- 
ed in the circumferential direction by a half-slot -pitch. 
The half-slot-pitch shift increases the average radial 
width of the core back, so that iron loss can be reduced. 
Accordingly, the output power and motor torque can be 
increased. In this variation, the stator winding is inclined 
by a distance in the circumferential direction when it is 
extended along the end surface of stator core 211 of sta- 
tor210. 

[0117] If the inside slots are shifted in the circumfer- 
ential direction by a half-slot pitch, the inside portion of 



the stator winding is also shifted by a half-slot pitch, and 
magnetic pole portion 220 is also shifted by a half-slot 
pitch, as shown in Fig. 26. 

[0118] The magnetic poles of inside rotor portion 220 
5 and the magnetic poles of outside rotor portion 230 are* 
polarized so that the surface at the same angular posi- 
tion opposite stator 210 can have the same polarity. It 
is also possible that one surface has an opposite polarity 
to the other surface. If the surface of rotor portion 220 
10 is polarized to have the opposite polarity, a unitary com- 
mon-close-magnetic-path that passes around both rotor 
portions 220 and 230 and stator 210 disposed between 
them is formed. Because the core back is supplied with 
a magnetic flux that corresponds to a difference in mag- 
's netic flux between the magnetic poles of both rotor por- 
tions, it is possible to reduce the radial thickness of the 
core back and the iron loss thereof, as shown in Fig. 27. 
[0119] The inside and outside portions of the stator 
coils are wound so that they can induce voltages in the 
20 same direction and connected at the winding end of one 
and the winding head of another in series to form a multi- 
phase winding. 

[0120] The magnetic poles of inside rotor portion 220 
and the magnetic poles of outside rotor portion 230 are 

25 polarized so that the surface opposite stator 210 can 
have the same polarities. It is also possible that the sur- 
face opposite stator 210 has opposite polarities. 
[0121] If the surface is polarized to have the opposite 
polarity, a unitary common^close-magnetic-path that 

30 passes around both rotor portions 220 and 230 and sta- 
tor 210 is formed. Because the core back is supplied 
with a magnetic flux that corresponds to a difference in 
magnetic fkjx between the magnetic poles of both rotor 
portions, it is possible to reduce the radial thickness of 

35 the core back and the iron loss thereof. 

[0122] The inside and outside stator coils are wound 
so that they can induce voltages in the same direction 
and connected at the winding end of one and the wind- 
ing head of another in series to form a multi-phase wind- 

40 jng. 

[0123] In the above embodiments, the magnetic poles 
of inside rotor portion 220.and the magnetic poles of out- 
side rotor portion 230 are polarized so that the surface 
opposite stator 210 can have the same polarities. It is 

45 also possible that the surface has opposite polarities. 
[01 24] If the surface has opposite polarities, a unitary 
common-close-magnetic-path that passes around both 
rotor portions 220, 230 and stator 210 disposed be- 
tween them is formed. Because the core back is sup- 

50 plied with a magnetic flux that corresponds to a differ- 
ence in magnetic flux between the magnetic poles of 
both rotor portions, it is possible to reduce the radial 
thickness of the core back and the iron loss thereof. 
[0125] The inside and outside portions of stator coils 

55 are wound so that they can induce voltages in the same 
direction and connected at the winding end of one and 
the winding head of another in series to form a multi- 
phase winding. 
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[0126] A vehicle rotary electric machine according to 
an eighth embodiment is described hereafter. 
[0127] A radially cut cross-sectional view of the rotary 
electric machine according to the eighth embodiment is 
substantially the same as shown in Fig. 2. 5 
[0128] As shown in Fig. 28, a plurality of outer slots 
213 and teeth 214 which are formed at the outer periph- 
eral portion thereof at equal pitches, and a plurality of 
inner slots 213' and teeth 214' which are formed at the 
inner peripheral portion thereof at equal pitches. Stator 10 
winding 212 has as many concentrate-wound coil por- 
tions wound around outer slots 213 and inner slots 213' 
of the same angular position as outer slots 21 3 (or inner 
slots 213'). In Fig. 28, only U-phase winding 212 is 
shown. Therefore, supporting rods 216 are positioned 1$ 
between two concentrate-coil portions to penetrate core 
back 215. 

[0129] Winding head 2101 and winding end 2102 of 
each of concentrate-coil portions projects into the axially 
front side, and each phase-winding of star-connected 20 
stator winding 212 is comprised of all the parallel-con- 
nected same-phase concentrate-wound coil portions, 
as shown in Fig. 29. fn the mean while, each U-phase 
concentrate-wound coil portions are wound every three 
slots. However, the current supplied to the concentrate- 25 
wound coil portion disposed at an odd-numbered slot is 
opposite in direction to the current supplied to the con- 
centrate-wound coil portion disposed at an even-num- 
bered slot. Therefore, the winding-head 2101 of the odd- 
numbered concentrate-wound coil portions and the 30 
winding-end 2102 of the even-numbered concentrate- 
wound coil portions are connected to U-phase output 
terminal 91 . In the same manner, the winding-head 21 01 
of the even-numbered concentrate-wound coil portions 
and the winding-end 21 02 of the odd-numbered concen- 35 
trate-wound coil portions are connected to neutral-point 
terminal 94. 

[0130] A stator winding connection structure is de- 
scribed with reference to Fig. 30. 

[0t31] Stator supporting frame 21 7 (as shown in Fig, 40 
2) has cylindricalthree-phase terminal 9 fixed thereto. 
This three-phase terminal 9 has a plurality of resinous 
sleeves 90, U-phase output terminal portion 91 support- 
ed by resinous sleeves 90 with the outer peripheries fit- 
ted into three output-terminal-grooves, V-phase output- 45 
terminal portion 92, and W-phase output-terminal por- 
tion 93. These output-terminal portions 91-93 are made 
of copper-ring plates. Resinous sleeves 90 are fastened 
by bolts (not shown) to stator supporting frame 217 at 
prescribed circumferential intervals. so 
[0132] As shown in Fig. 31 , U-phase output-terminal 
portion91 has ring portion 91 0, anchor portions 911 pro- 
jecting radially inward from the inner periphery of ring 
portion 910 at the same angular position as U-phase 
outer slots 213 and inner slots 213', and output terminal 55 
91 2 projecting radially outward from the outer periphery 
of ring portion 910. Windingends 2102 orwinding heads 
2101 are anchored to anchor portions 911 . V-phase-out- 



put-terminal portion 92 and W-phase output-terminal 
portion 93 have the same structure as U-phase output- 
terminal portion 91 and are respectively connected to a 
V-phase concentrate-wound coil portion and a W-phase 
concentrate-wound coil portion. Anchor portions 911 of 
respective output-terminal portions 91-93 are shifted 
one slot-pitch from one another in the circumferential 
direction. 

[01 33] Neutral point terminal portion 94 has a plurality 
of resinous sleeves 95, which is fastened by screws (not 
shown) at a prescribed circumferential intervals to inner 
peripheral portions of stator supporting frame 217. Sta- 
tor supporting frame 21 7, together with resinous sleeve 
90, extends radially inward. Neutral terminal 94 has an 
outer periphery fitted into a groove formed at resinous 
sleeve 95. 

[01 34] As shown in Fig. 32, neutral point terminal por- 
tion 94 has ring portion 940 and a plurality of anchor 
portions 941 projecting from the inner periphery of ring 
portion 940. Anchor portions 941 are formed three times 
as many as anchor portions 911 of U-phase output ter- 
minal portion 91 . 

[01 35] As shown in Fig. 33, outer and inner rotor por- 
tions 230 and 220 have permanent magnets 232 and 
222, which are buried in the circumferential direction in 
a well-known IPM (interior permanent magnet) rotor 
structure and a synchronous motor structure formed of 
laminated iron sheets. 

[0136] Each of thin-plate-like permanent magnets 
232 is buried in the center of one of a plurality of axially 
extending curved-grooves formed in the circumferential 
portions of laminated iron sheets at equal pitches. Each 
of thin-plate-like permanent magnets 222 is also buried 
in the center of one of a plurality of axially extending 
curved-grooves formed in the circumferential portions 
of laminated iron sheets at equal pitches. 
[0137] Permanent magnets 232 and 222 are polar- 
ized in the thickness direction thereof. Permanent mag- 
nets 232 and 222 are respectively disposed at the same 
angular position so that each pair of permanent magnets 
232 and 222 at the same angular position has pole sur- 
faces of the same polarity confronting each other at op- 
posite sides of the stator and so that the polarity of the 
pole surfaces alternate in the circumferential direction. 
[0138] The opposite 'ends of curved grooves and 
curve toward stator 210 so that salient magnetic poles 
33 and 43 can be formed between neighboring two 
curved grooves 32 and between neighboring two curved 
grooves 42, 42. Magnetic fluxes generated by a portion 
of stator winding 2 1 2 disposed at neighboring three slots 
flows easily, as indicated by broken lines in Fig. 33. The 
opposite ends of curved grooves 32 and opposite ends 
of curved grooves 42 are respectively disposed at the 
same angular positions. Accordingly, salient magnetic 
poles 33 and 43 are formed at the same angular posi- 
tions. If three-phase voltage is applied to stator winding 
21 2 corresponding to the position of. outer rotor portion 
230 and inner rotor portion 220, outer rotor portion 230 




EP1 102 



and inner rotor portion 220 respectively operate as a 
permanent-magnet-reluctance-type synchronous ma- 
chine. 

[0139] The magnetic flux generated by the portion of 
the winding disposed in neighboring three slots gener- 5 
ates electro-magnetic forces F and f between salient 
magnetic poles 33, 43 and the teeth opposite thereto. 
Circumferential components Ft and ft of the above elec- 
tro-magnetic forces are reluctance torque. Circumferen- 
tial components Fr and fr pull outer teeth 214 radially 10 
outward and inner teeth 214' radially inward. 
[0140] Inner slots 213' and inner slots 214' are dis- 
posed at the same angular position so that the radial 
components Fr and fr act on the same angular positions 
of outer teeth 214 and inner teeth 21 4\ 15 
[0141] The reluctance of the magnetic path encircling 
the neighboring three slots cyclically changes according 
to relative location of the openings (slot openings) and 
salient magnetic poles 33, 34. Therefore, radial compo- 
nents Fr and fr of the electro-magnetic forces F and f 20 
cyclically change at a cycle time during which salient 
magnetic poles 33 and 43 rotate one slot-pitch along the 
circumference of stator 21 0. 

[0142] In Fig. 34, curve a represents a radial compo- 
nent Fr of the electro-magnetic force acting on the outer 25 
teeth, curve b represents a radial component fr of the 
electro-magnetic force acting on the inner teeth. The cy- 
clic changes of both forces are opposite to each other. 
Therefore, the composite force acting on each one of 
teeth of stator core 211 represented by curve c becomes 30 
very small. Curve d represents a radial change of the 
electro-magnetic force generated in case of a synchro- 
nous machine having only inner rotor portion 220 (twice 
as large in amplitude as a or b). 

[0143] This rotary electric machine is a three-phase 35 
synchronous machine. The rotor position is detected by 
a rotation sensor. When a three-phase ac voltage is ap- 
plied to star-connected stator winding 212, outer rotor 
portion 230 and inner rotor portion 220 generates torque 
under rotating magnetic fields generated by stator wind- 40 
ing 212. Consequently, the machine starts an internal 
combustion engine via a crankshaft. Thereafter, the ma- 
chine assists torque of the engine, operates as a regen- 
eration brake or generates an electric power as a well- 
known vehicle rotary electric machine. 45 
[0144] Since the coil ends of stator winding 212 can 
be made drastically small without dividing stator core 
211 into pieces, stator 21 0 can be supported by one end 
thereof. 

[0145] A vehicle rotary electric machine according to 50 
a ninth embodiment of the invention is described with 
reference to Fig. 35. 

[0146] This machine has two stators 21 OA and 21 0B 
piled in the radial direction and three rotor portions 220 ; 
230 and 230A. Each stator is the same in structure as 55 
the stator of the machine according to the eighth em- 
bodiment. 

[0147] Each stator is substantially the same as the 
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first embodiment. However, middle rotor portion 230A is 
disposed between two stators 210 and 210. 
[01 48] Middle rotor portion 230A is comprised of lam- 
inated iron sheets 510 having curved grooves 520, into 
which permanent magnets 540 are inserted. Thus, each 
of salient magnetic poles 530 of middle rotor portion 
230A is formed between two permanent magnets 540. 
These salient magnetic poles 530 generate electro= 
magnetic force between stators 21 OA and 21 0B so that 
the circumferential components thereof provide the re- 
luctance torque. 

[0149] However, the magnet gap of the permanent 
magnets 530 of middle rotor portion 230A is twice as 
long as the other magnet gaps. Therefore, they have 
twice as many ampere turns (or thickness) as other per- 
manent magnets. This machine has four electro-mag- 
netic connection surfaces in total so as to generate twice 
as much torque as the machine according to the eighth 
embodiment. In addition, radial components of electro- 
magnetic forces respectively acting on teeth of two sta- 
tor cores (not shown) balance each other, so that vibra- 
tion and noises are reduced drastically. 
[0150] A vehicle rotary electric machine according to 
a tenth embodiment of the invention is described with 
reference to Figs 36 and 37. 

[0151] The vehicle rotary electric machine, triple sta- 
tor portions 21 OA, 21 0B and 21 0C and quadruple rotor 
portions 220, 220A, 230A, and 230 are disposed. In Fig. 
37, rotor portion 230 and stator 21 0C are omitted for 
simpler illustration, and stator winding 212 is schemati- 
cally illustrated for better understanding. Each of stator 
portions is substantially the same as that of the ninth 
embodiment except for outer slots and inner slots, which 
are formed deeper at portions nearer the axial ends 
thereof. Therefore, the axial projecting width of the coil 
ends of stator winding 212 can be reduced so that the 
axial length of the vehicle rotary electric machine can 
be reduced. In addition, the total length of the winding 
at the coil ends can be reduced. 

[0152] Quadruple rotor portions 220, 220A, 230A, and 
230 are permanent-magnet-type rotors, as in the first 
embodiment. Quadruple rotor portions 220, 220A, 
230A, and 230 have cylindrical ceramic permanent 
magnets, which are magnetized in the pattern shown in 
Fig. 37 while or after they are molded. It is also possible 
to provide buried permanent magnets or exposed per- 
manent magnets. 

[01 53] Two rotor portions (e.g. 220, 220A) on opposite 
sides of stator (e.g. 21 OA) have pole surfaces of the 
same polarity at the same angular positions. That is, 
pole surfaces of N-pole and pole surfaces of S pole. Two 
middle rotor portions 220A and 230A have pole surfaces 
of different pole at the same angular positions. 
[0154] Because middle rotor portions 220A and 230A 
are polarized in the radial direction, rotor portions 220A 
and 230A do not require yokes. Because middle rotor 
portions 220A and 230A have electro-magnetically con- 
necting surfaces, it is preferable that each of them pro- 
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vides twice as large AT (ampere-turns) as the innermost 
and outermost rotor portions 220 and 230. Because 
there are six electro-magnetically connecting surfaces 
in the radial direction, tree times as large torque as the 
first embodiment can be provided. 
[0155] Middle rotor portions 220A and 230A, which 
are formed of a cylindrical ceramic permanent magnet, 
do not require a large cross-section of the magnetic path 
at the middle portion between the N-pole surface and 
the S-pole surface. This embodiment provides axial air 
vents 330 at the middle portions. The middle portion can 
be formed of non-magnetic material. It is possible to in- 
sert into some of air vents 330 a supporting rod forfixing 
the cylindrical ceramic permanent magnet to, disk por- 
tion 243 of bowl member or rotor-supporting frame 240. 
An end at the rotor-supporting frame side of each of rotor 
portions 220, 220A, 230A and 230 is made thin to be 
fitted into a groove formed at rotor supporting frame 240. 
[0156] In this embodiment, the smallest diameter side 
and the largest diameter side of the rotor portions220 
and 230 respectively have cylindrical yokes 51 and 52 
for magnetic paths. However, if rotor portions 220 and 
230 have their own magnetic paths, rotor-supporting 
frame 240 can be made of light-weight material such as 
aluminum die-casting. 

[0157] It is possible to omit middle portions between 
circumferentially adjacent pole surfaces from rotor por- 
tions 220 and 230. Rotor portions 220, 220A, 230A, and 
230 can be substituted by a buried permanent-magnet- 
type or an exposed permanent-magnet-type. In case of 
the latter, the rotor portions can have permanent mag- 
nets at the radially inner surface and the radially outer 
side. This multi-layered structure usually has a problem 
of increasing the ratio of the coil-end portion of stator 
winding 21 2 to the in-slot conductor portion thereof. The 
structure having concentrate-coils can drastically re- 
duce the total length of the coil-end portion, so that the 
axial length of the rotary eJectric machine can be re- 
duced. . • 
[0158] A vehicle rotary machine according to an elev- 
enth embodiment of the invention is described with ref- 
erence to Figs. 38 - 41 . 

[0159] Outer rotor portion 230 and inner rotor portion 
220 form a rotor, which is substantially the same in struc- 
ture as the rotor of the machine according to the first 
embodiment. 

[0160] As shown in Fig. 38, stator 210 is comprised 
of stator core 211 disposed in the radial gap between 
outer rotor portion 230 and inner rotor portion 220 and 
stator winding (armature coil) 212. 
[0161] As shown in Fig. 39, a plurality of outer slots 
213 and teeth 214, and a plurality of inner slots 213' and 
teeth 21 4' are respectively formed at the outer and inner 
peripheral portions at equal pitches. Stator core 211 has 
axially extending seven holes 21 8 in a circumference of 
the teeth. One of seven through holes 218 is shifted 
counterclockwise one-slot pitch from the rotation sym- 
metric position of any of the others. As shown in Fig. 38, 



bolt like supporting rod 216 is force-fitted to each 
through hole 218. 

[0162] The edge of supporting rods 216 penetrate ax- 
ial through holes formed in a radial wall of stator sup- 
5 porting frame 21 7. A female screw is formed at the edge 
of each supporting rod 216 and nut 71 is fastened there- 
to. 

[0163] Each supporting rod 216 has large-diameter 
portion 72, which abuts step portion 103 formed in the 
10 through hole of supporting frame 217. In other words, 
the front edge of large-diameter portion 72 abuts a sur- 
face (positioning surface) formed in the radial direction 
of step portion 1 03'. Thus, radial wall of stator supporting 
frame 217 is axially sandwiched between nut 71 and 
is large-diameter portion 72 to fix stator core 20. 

[0164] The outer periphery of large-diameter portion 
72 abuts the inner periphery (positioning peripheral sur- 
face) of step portion 103 to fix the radial position of sup- 
porting rod 21 6. The portion of supporting rod in front of 
large-diameter portion 72 has a diameter smaller than 
large-diameter portion 72 so as to be inserted into the 
through hole. Supporting rod 21 6 has large-head portion 
72a, which abuts the rear surface of stator 210. 
[0165] Stator winding 212 has as many concentrate- 
wound coil portions wound around outer slots 213 and 
inner slots 214 of the same angular position in the same 
manner shown in Fig. 28. Therefore, supporting rods 
216 are positioned between two concentrate-coil por- 
tions to penetrate core back 21 5. 
[01 66] The operation of this vehicle rotary electric ma- 
chine is substantially the same as the machine accord- 
ing to the eighth embodiment except the cooling struc- 
ture thereof. 

[01 67] . The cooling structure of the vehicle rotary elec- 
tric machine is described with reference to Fig. 40 here- 
after. 

[0168] Rotor supporting frame 240 has air inlets 601 , 
602 at an inner peripheral portion of disk portion 243, 
air outlet 603 at an outer peripheral portion of disk por- 
tion 243. Each of inlets 601 , 602 and outlet 603 is con- 
nected to axially extending gap (the gap of the invention) 
g formed between outer and inner rotor portions 240, 
230 and rotor supporting frame 240 and between stator 
2 and rotor supporting frame 240. 
[0169] When rotor supporting frame 240 rotates, in- 
lets 601 , 602 and outlet 603 takes air from outside into 
gap g as a centrifugal fan . The radially outer end of each 
of inlets 601 , 602 and outlet 603 is shifted a prescribed 
angle from the radially inner end thereof in the direction 
opposite the rotation direction. This provides smooth air 
flows. Cooling airflows along gap g and forms a spiral 
locus as long as it contacts to cool the surfaces of rotor 
portions 220 and 230 and stator 21 0 until it is discharged 
from air outlet 603. 

[0170] Inner rotor magnetic core 221 has a plurality of 
axially extending permanent magnet holes 222 : and out- 
er rotor magnetic core 231 has a plurality of axially ex- 
tending permanent magnet holes (through holes) 232. 
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Each magnet hole (through hole) 222, 232 is formed in 
the circumferential direction at equal intervals to let air 
in gap g flow in the axial direction so that rotor core can 
effectively cooled. * Magnet holes 222 and 232 are 
formed at circumferentially opposite sides of permanent 
magnets (not shown). If the opposite ends thereof are 
bent toward stator core 211, rotor magnetic core 221, 
231 will have magnetic salient poles, which generate re- 
luctance torque. 

[0171] Supporting rod 216 is formed of a cylindrical 
iron member, which has a center through hole. A copper 
member is inserted into the center through hole to ef- 
fectively transfer heat. 

[0172] A long hermetic space can be formed around 
the center axis of supporting rod 216 to accommodate 
an amount of liqu id that boils at a temperature of ranging 
between 1 0 and 1 00 degrees in Centigrade so that sup- 
porting rod 216 can function as a heat pipe. 
[01 73] Supporting rod 21 6 may provide a longitudinal- 
ly extending parallel grooves as air passages at the sur- 
face thereof. It is also possible to have copper wires in- 
serted in the grooves to improve the heat conductivity 
thereof. 

[0174] Stator core 211 may have a plurality of axially 
extending through holes at portions of the teeth where 
supporting rod 216 is not disposed or concentrated coils 
210 are not disposed. The through holes may be used 
as cooling air passages. It is also possible that heat con- 
ductive members are inserted into the through holes. 
[0175] A vehicle rotary electric machine according to 
twelfth embodiment is described with reference to Fig. 
41 hereafter. 

[0176] A plurality of equally spaced centrifugal fan- 
blades 700, 701 are formed in the circumferential direc- 
tion at opposite surfaces of disk portion 243 of rotor 
frame 240. Centrifugal fan-blades 700 take air into air 
inlet 602, and centrifugal fan-blades 701 increase the 
radial component of the air-flow speed in gap g. There- 
fore, rotor 3 and stator 2 are effectively cooled by air in 

gapg- 

[0177] A variation of the tenth embodiment is de- 
scribed with reference to Fig. 42. 

[0178] Each supporting rod 1216 has large-diameter- 
spacer 173 adjacent large diameter portion 172. An end ' 
of spacer portion 1 73 abuts the radial wall of supporting 
frame 217 and the other end thereof abuts an end of 
stator 210. Therefore, spacer portion 173 fixes stator 

210 in the axial direction, and stator 210 reduces the 
radial shift due to radial elastic deformation of support- 
ing rods 1216. Therefore, radial vibration of stator core 

211 can be reduced, and heat of stator 210 is transferred 
to supporting frame 21 7 effectively via spacer 1 73. 
[0179] Figs. 43 shows a vehicle rotary electric ma- 
chine according to a thirteenth embodiment of the in- 
vention that is applied to an engine-driven vehicle. For 
better understanding, the same reference numeral in 
the drawings represents the component that has the 
same function. Stator 210 is formed into triple rings as 
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in the tenth embodiment. 

[01 80] Radially middle rotor portions 230A and 220A 
can have a structure mainly having axial magnetic 
paths. Stator 210 may have a plurality of axially extend- 
ing through holes 218, as shown in Fig. 39, at portions 
of the teeth where supporting rod 216 is not disposed 
or the concentrated coils are not disposed. Such 
through holes 21 8 may be used as cooling airpassages*. 
It is also possible that heat conductive members are in- 
serted into the through holes. 

[0181] As shown in Fig. 43, stator supporting frame 
21 7 has a plurality of projections 1 00b abutting the front 
end of stator 210. These projections 100b are respec- 
tively disposed between adjacent concentrate-wound 
coils. Through hole 218 penetrates projection 100b and 
force fitted to a hole (which is not shown) formed in stator 
core 211. 

[0182] The radial wall of stator supporting frame 21 7 
and projection 100b are joined by casting or die-casting. 
The abutting end of projection 100b on the stator core 
may be machined. 

[0183] Thus, the resiliency of each stator core 211 can 
be increased, and heat of stator 21 0 can be transferred 
to the housing via projections 100b. 
[0184] In the foregoing description of the present in- 
vention, the invention has been disclosed with reference 
to specific embodiments thereof, it will, however, be ev- 
ident that various modifications and changes may be 
made to the specific embodiments of the present inven- 
tion without departing from the broader scope of the in- 
vention as set forth in the appended claims. 



Claims 

1 . A rotary electric machine comprising: 

a rotor disposed between a vehicle engine 

(100) and a torque transmission mechanism 
(300) connected coaxially with a crankshaft 

(101) at the back of said vehicle engine (100); 
and 

a stator (210) having a peripheral surface op- 
posing circumference of said rotor and fixed to 
a housing (102); wherein 
said rotor comprises an outer rotor portion 
(230) having an inner surface electro-magneti- 
cally connected to the outer surface of said sta- 
tor (210) and an inner rotor portion (220) having 
an outer surface electro-magnetically connect- 
ed to the inner surface of said stator (21 0), and 
said stator (21 0) comprises a stator core (211) 
disposed between said inner rotor portion (220) 
and said outer rotor portion (230) and a stator 
winding (212) having a set of multi-phase wind- 
ings wound on said stator (210) for electro- 
magnetically connecting with both said rotor 
portions (220, 230). 
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The rotary electric machine as claimed in claim 1, 
further comprising a bowl member (240), wherein 

said bowl member (240) comprises an inner 
cylinder portion 241 that is fixed to said crank 5 
shaft and disposed radially inner side of said 
inner rotor portion (220), a ring plate portion 
(243) to which the rear end of said inner rotor 
portion (220) is fixed and which extends radially 
outward from the rear portion of said inner cyl- 10 
- inder portion 241 , and an outer cylinder portion 
(242) which extends forward from the outer pe- 
riphery of said ring plate portion (243) so that 
said outer rotor portion (230) is fixed, and 
said torque transmission mechanism (300) is *5 
connected to said bowl member (240) to be 
driven by said crank shaft via said bowl member 
(240). 

The rotary electric machine as claimed in claim 1 , 20 
wherein 

said transmission mechanism (300) is fixed to 
the rear end of said ring plate portion (243) of said 
bowl member (240). 

25 

The rotary electric machine as claimed in claim 1, 
wherein 

said stator core (211) comprises slots (213, 
213') and teeth circumferentially formed at pre- 30 
scribed intervals at the inner surface opposite 
said inner rotor portion (220) and at the outer 
surface opposite said outer rotor portion (230) 
and a core back (215) disposed between sep- 
arate said slots (213) formed at said outer sur- 35 
face and said slots (213') formed at said inner 
surface, and 

said stator winding (212) is wound serially in 
said slots (213, 213') formed at said inner sur- 
face and said -slots (213) formed at said outer 40 
surface. 

The rotary electric machine as claimed in claim 4, 
wherein 

45 

said slot formed at said inner surface and said 
slots (213) formed at said outer surface aredis- 
. posed opposite sides of said core back (215) at 
the same circumferential electromagnetic posi- . 
tions, and so 
each of saidphase windings of said stator wind- 
ing (212) is wound to form a U-shaped cross- 
section in the circumferential direction on said 
. slot formed at said inner surface and said slots 
(213) formed at said outer surface at the same 55 
electric angular pitches. 

The rotary electric machine as claimed in claim 4, 



wherein 

said slot formed at said inner surface and said 
slots (213) formed at said outer surface are dis- 
posed opposite sides of said core back (21 5) at 
the same circumferential electromagnetic posi- 
tions, and 

each of said phase windings of said stator wind- 
ing (212) is wound to form a square cross-sec- 
tion in the on said slot formed at said inner sur- 
face and said slots (213) formed at said outer 
surface at the same slot pitches that corre- 
spond to the magnetic pole pitches. 

7. The rotary electric machine as claimed in claim 4, 
wherein 

said slot formed at said inner surface and said 
slots (21 3) formed at said outer surf ace are dis- 
posed opposite sides of said core back (215) at 
the same circumferential electromagnetic posi- 
tions, and 

each of said phase windings of said stator wind- 
ing (212) is wave-wound at approximately the 
same slot pitches that correspond to the mag- 
netic pole pitches so that current flowing at said 
slot formed at said inner surface and current 
flowing said slots (213) formed at said outer 
surface are opposite to each other. 

8. The rotary electric machine as claimed in claim 1 , 
wherein said rotor has a permanent-magnet-rotor- 
structure having permanent magnets (222, 232) 
forming magnetic poles. 

9. The rotary electric machine as claimed in claim 1 , 
wherein said rotor has a squirrel-cage structure. 

10. The rotary electric machine as claimed claim 1, 
wherein said rotor has a reluctance-type- rotor- 
structure. 

11. The rotary electric machine as claimed in claim 1, 
wherein 

said inner rotor portion (220) has said perma- 
nent-magnet-rotor-structure, and said outer rotor 
portion (230) has said reluctance-type-rotor-struc- 
ture. 

12. The rotary electric machine as claimed in claim 11 , 
wherein the circumferentially central portion of a 
magnetic salient pole of said reluctance-type-rotor- 
structure is disposed at a position an electric angle 
45° - 90° in advance of the circumferentially central 
portion of a magnetic pole of said permanent- mag- 
net-type-rotor-structure in the rotation direction. 

13. The rotary electric machine as claimed in claim 4, 
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said stator (210) is fixed to said housing (102) by a 
supporting rod memver (216) that is force-fitted to 
said core back (215) in the axial direction. 

14. The rotary electric machine as claimed in claim 1, 5 
wherein 

one end of both said rotor portions (220, 230) 
has a permanent-magnet type-rotor-structure, 
and 10 
the other end of both said rotor portions (220, 
230) has a field-coil-type-rotor-structure that in- 
cludes a plurality of circumferentially disposed 
magnetic poles made of a soft magnetic mem- 
ber at prescribed intervals and a plurality of 15 
magnetic field coils that respectively magnetize 
said magnetic poles in alternating polarities in 
the circumferential direction. 

15. The rotary electric machine as claimed in claim 14, 20 
wherein 

The other end of both said rotor portions (220, 
230) includes a yoke (217) fixed to said housing 
(1 02) with said field coil (270) being wound thereon 
and an induction-rotor-magnetic-core-portion (221 ) 25 
disposed between the peripheral surface of said 
stator (210) and said yoke (217) to form a part of 
said rotor and to be magnetized by said field coil 
(270) to form said polarity-alternating magnetic 
poles at a prescribed pitch in the circumferential di- 30 
rection. 

16. The rotary electric machine as claimed in claim 14, 
further comprising a control unit (800) for controlling 

the current of said stator winding (212) by inverting 35 
field current supplied to said field coil (270). ' 

17. The rotary electric machine as claimed in claim 4, 
said slots (213) formed at said outer surface and 
said slots (213*) formed at said inner surface are 40 
disposed at the same circumferential positions at 
opposite sides of said core back (215), and 

said magnetic poles of said inner rotor portion 
(220) and said outer rotor portion (230) disposed at 
the circumferentially the same position are polar- 45 
ized in the opposite direction. 

18. The rotary electric machine as claimed in claim 4, 
wherein 

said slots (213) formed at said outer surface 50 
and said slots (213') formed at said inner surface 
are disposed at opposite side of said core bask and 
shifted from each other at half slot pitch in the cir- 
cumferential direction. 

55 

19. A rotary electric machine comprising: 

a rotor for transmitting torque to a vehicle shaft; 



and 

a stator (210) having a peripheral surface op- 
posite the circumference of said rotor and fixed 
to a housing (102); wherein 
said rotor comprises an outer rotor portiorf 
(230) having an inner surface electro-magneti- 
cally connected to the outer surface of said sta- 
tor (210), an inner rotor portion (220) fixed to* 
said outer rotor portion (230) and having an out- 
er surface electro-magnetically connected to 
the inner surface of said stator (210), 
said stator (210) comprises a stator core (211) 
disposed between said inner rotor portion (220) 
and said outer rotor portion (230) and a stator 
winding (212) having a set of multi-phase wind- 
ings wound on said stator (210) for electro- 
magnetically connecting with both said rotor 
portions (220, 230), 

said stator core (211) has a plurality of outer 
slots (21 3) and teeth formed in the outer periph- 
eral surface thereof at certain pitches and a plu- 
rality of inner slots (213') and teeth formed in 
the inner peripheral surface thereof at certain 
pitches, 

each of the inner peripheral surface on said out- 
er rotor portion (230) and the outer peripheral 
surface of said inner rotor portion (220) has a 
salient pole portion having a small magnetic re- 
sistance, 

if the circumferential center of said salient pole 
portion of said outer rotor portion (230) and the 
circumferential center of said outer slot opening 
of said stator core (211) are disposed at the 
same angular position, the circumferential 
center of said salient pole portion of said inner 
rotor portion (220) and the circumferential cent- 
er of said inner slot opening of said stator core 
(211) are shifted from each other at an interval 
that is equal to or less than 1/4 of a slot-pitch. 

20. The vehicle rotary electric machine as claimed in 
claim 19, wherein 

when the circumferential center of said mag- 
netic salient pole of said outer rotor portion (230) 
and the circumferential center of said outer slot 
opening of said stator core (211) are positioned at 
the same angular position, the circumferential cent- 
er of said magnetic salient pole of said inner rotor 
portion (220) and the circumferential center of said 
inner slot opening of said stator core (211) are po- 
sitioned at the same angular position within a nor- 
mal production tolerance. 

21. The vehicle rotary electric machine as claimed in 
claim 20, wherein 

the circumferential center of said magnetic sa- 
lient pole of said outer rotor portion (230) and 
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the circumferential center of said magnetic sa- 
lient pole of said inner rotor portion (220) are 
positioned at the same angular position within 
a normal production tolerance, 
the circumferential center of said outer slot 5 
opening of said stator core (211) and the cir- 
cumferential center of said inner slot opening 
of said stator core (211) are positioned at the 
same angular position within a normal produc- 
tion tolerance, 10 
said outer slots (21 3) and said inner slots (213') 
that are positioned at the same angular position : 
respectively accommodate conductors of the 
same phase but of opposite direction. 

15 

22. The vehicle rotary electric machine as claimed in 
claim 21, wherein said outer slots (213) and said 
inner slots (213') that are positioned at the same 
angular position accommodate a concentration- 
wound stator winding (212). 20 

23. The rotary electric machine as claimed in cl aim 22, 
wherein said rotor has said outer rotor portion (230) , 
at least one middle rotor portion (220A, 230A) and 
said inner rotor portion (220), 25 

said stator (210) is disposed at a radial space 
between said outer rotor portion (230) and said 
middle rotor portion (230A) and at a radial 
space between said middle rotor portion'(230A) 30 
and said inner rotor portion (220), 
the inner periphery and outer periphery of said 
middle rotor portion (230A) have low-reluc- 
tance salient poles formed at the same angular 
positions at certain pole pitches, 35 
the circumferential centers of said outer rotor 
portion (230), said inner rotor portion (220) and 
said middle rotor portion (230A) are positioned 
at the same angular position within a normal 
J production tolerance, and 40 
the center of slot-openings of said stator (210) 
is positioned the same angular position within 
a normal production tolerance. 

24. A rotary electric machine comprising: 45 

a rotor for transmitting torque to a vehicle shaft; 
and 

a stator (210) having a peripheral surface fac- 
ing a peripheral surface of said rotor and fixed so 
to a housing (217); 

wherein 

said rotor comprises an outer rotor portion 55 
(230) having an inner surface electro-magneti- 
cally connected to the oijter surface of said sta- 
tor (210), an inner rotor portion (220) having an 



outer surface electro-magnetically connected 
to the inner surface of said stator (210); 
said stator (21 0) comprises a stator core (211) 
disposed between said inner rotor portion (220) 
and said outer rotor portion (230) and a stator 
winding (212) having a set of multi-phase wind- 
ings wound on said stator (210) for electror 
magnetically connecting with both said rotor 
portions (220, 230); 

said stator core (211) has a core back (215), a 
plurality of outer slots (213) and teeth formed 
in the outer peripheral surface thereof at certain 
pitches and a plurality of inner slots (213') and 
teeth formed in the inner peripheral surface 
thereof at certain pitches; 
said stator winding (212) comprises a plurality 
of concentrate-wound coils connected to each 
other, each of said concentrate-wound coils be- 
ing wound around a pair of one of said outer 
slots (21 3) and one of said inner slots (21 3') that 
are close to each other. 

25. The vehicle rotary electric machine as claimed in 
claim 24, wherein 

said outer rotor portion (230) and said inner 
rotor portion (220) respectively have aplurality of 
circumferentially and evenly disposed permanent- 
magnet pole-surfaces the polarity of which is the 
same at the same angular position and changes al- 
ternately in the circumferential direction. 

26. The vehicle rotary electric machine as claimed in 
claim 24, wherein 

said stator core (211) comprises a plurality of 
ring-shaped axially laminated iron sheets and is 
supported at an axial end thereof by a stator sup- 
porting frame (21 7) via a supporting rod that is dis- 
posed between a pair of circumferentially adjacent 
concentrate-wound coils and penetrates said core 
back (215). 

27. The vehicle rotary electric machine as claimed in 
claim 24, wherein 

said rotor is fixed to a shaft via rotor-support- 
ing frame (240) that supports the same axial ends 
of said inner rotor portion (220) and said outer rotor 
, portion (230). 

28. The rotary electric machine as claimed in claim 26, 
wherein 

each of said plurality of concentrate-wound 
coils has a winding head (2101, Fig. 28) and a wind- 
ing end that extend toward said stator-supporting 
frame (217).. 

29. The rotary electric machine as claimed in claim 24, 
wherein 

said stator winding (212) comprises a plurality 
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of different phase-windings each of which has a plu- 
rality of parallel-connected-same-phase concen- 
trate-wound coils. 

30. The rotary electric machine as claimed in claim 29, 5 
wherein 

each of said concentrate-wound coils is 
wound around one of said outer slots (213) and one 
of said inner slots (213') disposed at the same an- 
gular potion. 10 

31 . The rotary electric machine as claimed in claim 30, 
wherein 

the winding head (2101) of an odd numbered 
one of said concentrate-wound coils of one of said 15 
phase-windings and the winding end of an even 
numbered one of said concentrate-wound coils of 
the same phase-winding are connected to a phase- 
terminal end of said same phase-winding, and the 
winding head (2101) of an even numbered one of 20 
said concentrate-wound cojls of one of said phase- 
windings and the winding end of an odd numbered 
one of said concentrate-wound coils of the same 
phase-winding are connected to a neutral-terminal 
end of a neutral point. 25 

32. The rotary electric machine as claimed in claim 31 , 
wherein 

said phase-terminal and said neutral-terminal 
comprises an approximately coaxial ring-shaped 30 
conductor (91 , Fig. 31) disposed near said stator- 
supporting-frame. 

33. A rotary electric machine comprising: 

35 

a rotor having a rotary shaft and rotor core fixed 
to said rotary shaft; and 

a stator (210) having a statorcore (211) with a 
peripheral surface facing a peripheral of said 
rotor and a stator winding (212) mounted in said 40 
stator core (211) fixed to a housing (217); 
wherein 

said rotor comprises: 

an outer rotor portion (230) having an inner 45 
surface electro-magnetically connected to 
the outer surface of said stator (21 0); 
an inner rotor portion (220) having an outer 
surface electro-magnetically connected to 
the inner surface of said stator (21 0); and so 
a rotor supporting frame (240) that con- 
nects said outer and inner rotor portions 
(230, 220) to said rotary shaft at the axial 
side opposite said housing (217); wherein 
said statorcore (211) is fixed to said hous- 55 
ing (217) at the side opposite said rotor 
supporting frame (240), and wherein 
said rotor supporting frame (240) has a gap 



(g) between said stator (21 0) and said rotor 
supporting frame (240) and an air inlet 
(601 , 602, Fig. 40) for conducting air from 
outside to said gap (g). 

34. The vehicle rotary electric machine as claimed in 
claim 33, wherein said rotor supporting frame (240) 
has an air outlet (603) that connects said gap (g) 
formed radially outer side of said air inlet (601, 602) 
to an outside to discharge air from said gap (g). 

35. The vehicle rotary electric machine as claimed in 
claim 34, wherein 

said air inlet (601 , 602) drives inside-air to said 
gap (g), and 

said air outlet (603) discharges said inside-air 
to an outside. 

36. The vehicle rotary electric machine as claimed in 
claim 33, wherein 

said outer and inner rotor portions (230, 220) 
have axially formed through holes (222, 232, Fig. 
40) for discharging the air in said gap (g) to the side 
thereof opposite said rotor supporting frame (240). 

37. The rotary electric machine as claimed in claim 33, 
wherein 

said rotor supporting frame (240) has a cen- 
trifugal fan (701), formed at a radially outer side of 
said air inlet (601 , 602) and stator-co re-side thereof, 
for driving air taken through said air inlet (601, 602) 
radially outward. 

38. The rotary electric machine as claimed in claim 33, 
wherein 

said rotor supporting frame (240) has a fan 
(701 ), located radially outer side of said air inlet and 
formed at the opposite side thereof with regard to 
said statorcore (211), forsendingcooling air to said 
air inlet (602). 

39. A rotary electric machine comprising: 

a rotor having a rotary shaft and rotor core fixed 

to said rotary shaft; and 

a stator (210) having a statorcore (211) with a 

peripheral surface facing a peripheral surface 

of said rotor and fixed to a housing (217); 

wherein 

said rotor comprises: 

an outer rotor portion (230) having an inner 
surface electro-magnetically connected to 
the outer surface of said stator (21 0); 
an inner rotor portion (220) paving an outer 
surface electro-magnetically connected to 
the inner surface of said stator (210); and 
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a rotor supporting frame (240) that con- 
nects said outer rotor portion (230) and in- 
ner rotor portion (220) to said rotary shaft 
at the axial side opposite said housing 
(217); wherein 5 
said stator core (211 ) is fixed to said hous- 
ing (217) at the side opposite said rotor 
supporting frame (240), and wherein said 
stator core (211) has an axially formed 
through hole (21 8, Fig. 39)and a heat con- 10 
ductive member (216, Fig. 39) disposed in 
said through hole (218). . 

40. A rotary electric machine comprising: 

15 

a rotor for transmitting a torque to a wheel axle; 
a stator (21 0) having a peripheral surface fac- 
ing a peripheral surface of-said rotor and fixed 
to a housing (217); wherein 

said rotor has an outer rotor portion (230) hav- 20 
ing an inner periphery that is electro -magneti- 
cally connected to . the outer periphery of said 
stator (210) and inner rotor portion (220) having 
an outer periphery that is electro-magnetically 
connected to the inner periphery of said stator 25 

(2io)r 

said stator (210) has a stator core (211) dis- 
posed between said inner rotor portion (220) 
and said outer rotor portion (230) and a stator 
winding (212) mounted in said stator (21 0) and 30 
a stator winding (212) formed of a set of multi- 
phase windings electro-magnetically connect- 
ed to said two rotor portions (220, 230); 
said stator core (211) has a core back (215), a 
plurality of evenly formed outer slots (213) and 35 
outer teeth at radially outer periphery of said 
core back (215), and a plurality of evenly 
formed inner slots (213') and inner teeth at ra- 
dially inner periphery of said core back (215); 
and 40 
said stator core (21 1 ) is supported to said hous- 
ing (21 7) at its one end by a plurality of support 
pins (216, 1216, Fig. 38, Fig. 42) that are re- 
spectively force-fitted to axial holes (218) 
formed in said stator core (211) and inserted 45 
and fixed to a plurality of through holes formed 
at racial wall of said housing (217). 

41. The vehicle rotary electric machine as claimed in 
claim 40, wherein said stator winding (212) com- so 
prises a plurality of concentrate-wound coils that 

are respectively connected and disposed in a plu- 
rality of adjacent pairs of one of said outer slots 
(213) and one of said inner sfots (213'). 

55 

42. The vehicle rotary electric machine as claimed in 
claim 40, wherein 



said support pins (216) are fastened to said ra- 
dial wall of said housing (21 7); and 
each of said support pins (216) has a position- 
ing end (1 02, Fig. 38) abutting a seat (1 03, Fig. 
38) formed at said housing (217) to face said 
stator (210). 

43. The vehicle rotary electric machine as claimed in 
claim 40, wherein said support pins (21 6, 1 21 6) are 
fastened to said radial wall of said housing (217); 
and 

each of said support pins (21 6) has a position- 
ing outer periphery (72) fitted to an inner periphery 
of a hole (103) formed at said radial wall of said 
housing (217). 

44. The rotary electric machine as claimed in claim 42, 
wherein said positioning outer periphery (72) and 
said positioning end abut a step portion (1 03) inside 
said hole of said radial wall. 

45. The rotary electric machine as claimed in claim 40, 
wherein said support pins (216,1 21 6) are disposed 
at a plurality of different intervals. 

46. The rotary electric machine as claimed in claim 45, 
wherein 

said support.pins (216, 1216) and said housing 
(217) respectively have a high magnetic per- 
meability; and 

a pair of said support pins (216, 1216) is not 
spaced apart approximately 180° from each 
other. 

47. The vehicle rotary electric machine as claimed in 
claim 40, wherein 

each of said support pins (1216) has a large- 
diameter-portion (173) whose one end abutting a 
radial wall of said housing (21 7) and whose the oth- 
er end abutting an end of said stator core (211). 

48. The vehicle rotary electric machine as claimed in 
claim 40, wherein 

said radial wall of said housing (217) has an 
axial projection disposed around said hole to abut 
an end of said stator core (211). 
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